Informed consent statement: Due to the retrospective nature of the study, patients were not required to give informed consent to the study because the analysis used anonymous clinical data that were obtained after each patient agreed to receive examination of abdominal computed tomography by written informed consent.
Core tip: Liver volume change may represent the hepatic functional and regenerative capacity. We inspected the effect of oral nucleos(t)ide analogues (NUCs) on liver volume in patients with hepatitis B virus-related cirrhosis. The result showed the increase in liver volume during two years of NUCs therapy and the volume increase was shown both in compensated and decompensated cirrhosis. The increase in liver volume was well correlated with several markers representing hepatic functional status. More volume increase may be attained regarding aggressive damage at baseline and marked improvement during the treatment period. Our data support the reversal of fibrosis and enhancement of liver regeneration of damaged liver in patients with liver cirrhosis after the treatment with NUCs.
INTRODUCTION
Chronic hepatitis B virus (HBV) infection remains a major global public health problem with the potential to cause liver cirrhosis, hepatic decompensation, hepatocellular carcinoma (HCC), and liver-related mortality. According to studies from Taiwan regarding the Risk Evaluation of Viral Load Elevation and Associated Liver Disease/Cancer (REVEAL), serum HBV DNA levels were independent predictors for progression of chronic HBV infection [1, 2] . Fortunately, oral nucleos(t)ide analogues (NUCs), including lamivudine (LAM), telbivudine (LdT), adefovir (ADV), entecavir (ETV), and tenofovir (TDF), have been approved to suppress HBV replication with potent reduction of serum HBV DNA levels and improvement of hepatic necroinflammation and fibrosis [3, 4] . Furthermore, a long-term treatment with oral NUCs has been known to significantly reduce the rates of disease progression and development of HCC in patients with HBV-related cirrhosis [5, 6] . Precise measurement of liver volume has been made possible due to the availability of rapid volumetric scanning and reconstruction techniques of modified discrete cosine transform (MDCT). Imaging-based volumetry has been increasingly utilized in current clinical practice to obtain accurate measurements of liver volume. This modality is particularly useful prior to major hepatic resection and living donor liver transplantation, where the size of the remnant liver and liver graft, respectively, affects procedural success and postoperative mortality and morbidity. Liver cirrhosis is a progressive condition accompanied by morphologic changes of the liver and deterioration of hepatic function. Clinically, Child-Turcotte-Pugh (CTP) classification and model for end-stage liver disease (MELD) score are mainly used in assessing the severity of liver cirrhosis. Previous studies demonstrated that changes in liver volume were positively correlated with CTP classification and could be used as a severity marker for liver cirrhosis [7] [8] [9] . However, there was no study that evaluated the changes of liver volume in cirrhotic patients undergoing oral NUCs therapy. In this study, we aimed to assess the effect of long-term oral NUCs therapy on the change of liver volume in patients with HBV-related liver cirrhosis using a 3-dimensional (D) virtual liver extraction measurement program.
MATERIALS AND METHODS

Study patients
This retrospective study included naïve HBV-related liver cirrhosis patients, who had received oral NUCs therapy for two years between January 2003 and December 2012 at Chonbuk National University Hospital. Patients were eligible if they had taken two abdominal computerized tomography (CT) scansone at the time of treatment initiation and another at the second-year follow up. HBV-related cirrhosis was defined as a detectable serum hepatitis B surface antigen (HBsAg) level for more than 6 mo with clinical diagnosis of liver cirrhosis. Liver cirrhosis was clinically diagnosed based on compatible radiological findings of cirrhosis with one of the following three biochemical findings: platelet count of less than 100000/mm 3 , serum albumin level of less than 3.5 g/dL, and prothrombin time international normalized ratio of 1.3 or more [10] . Radiological findings compatible with liver cirrhosis included morphologic changes (nodularity of liver surface, atrophy of the right lobe, hypertrophy of the left and caudate lobe, expansion of the periportal space, and intrahepatic nodule), ascites, and presence of portal hypertension (presence of collateral vessels or splenomegaly) [10] . Based on the CTP score, patients with cirrhosis were categorized as compensated (CTP class A) or decompensated (CTP class B or C). Patients with the following were excluded from the study: history of previous NUCs treatment, space occupying lesions within the liver, hepatic vascular thrombosis, bile duct dilatation, and alcoholism. Additional exclusion criteria included co-infection with human immunodeficiency virus, toxic hepatitis, and congestive heart disease. During the study period, 192 patients with HBV-related liver cirrhosis were treated with oral NUCs for at least 24 mo. After excluding 137 of patients without consecutive CT images at baseline and 2-year follow-up data, a total of 55 naïve patients were included for final analysis. TDF was not available in Korea during the study period, and oral NUCs therapy was initiated on one of the NUCs, including LAM (100 mg), LdT (600 mg), and ETV (0.5 mg). ADV (10 mg) and ETV (1.0 mg) were used as a rescue drug for patients with treatment failure, defined as the emergence of virological breakthrough with or without genotypic resistance after the initial NUCs therapy. The strategies of oral NUCs therapy-treatment initiation, monitoring, and management of treatment failurewere conducted in accordance with the clinical practice guideline for chronic hepatitis B (CHB) [4] .
Clinical data collections and serum assays
Sociodemographic data, biochemical tests, including complete blood count (leukocytes, hemoglobin, platelets), liver function tests (aspartate aminotransferase (AST), alanine aminotransferase (ALT), albumin, gamma glutamyl transpeptidase, alkaline phosphatase, and bilirubin), prothrombin time, renal tests (blood urea nitrogen, creatinine), alpha-fetoprotein, HBeAg, antiHBe, and HBV DNA level, type of initial oral NUCs were collected at baseline. During the follow-up period, each visitation data included oral NUCs therapy-related outcomes (serum ALT, HBeAg, anti-HBe, serum HBV DNA, viral breakthrough, resistance, changing antivirals), any cirrhosis-related complications, HCC development, and death. Serum ALT was measured with an enzymatic assay and defined as normal if it was less than 40 IU/L. Serum HBsAg, anti-HBs, HBeAg, and anti-HBe were detected by an electrochemiluminescence immunoassay (Roche Diagnostics, Mannheim, Germany). Serum HBV DNA was quantified by a real-time polymerase chain reaction (PCR) assay using the COBAS Taq-Man HBV quantitative test (Roche Molecular Systems Inc., Branchburg, NJ, United States), which had a lower limit of quantification (20 IU/mL). Genotypic analysis of HBV DNA polymerase was performed in patients showing virological breakthrough during therapy using a matrixassisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS)-based genotyping assay, which was previously known as the Restriction Fragment Mass Polymorphism (RFMP) assay [11] .
Liver volume measurement
Liver volume was calculated from two consecutive sets of abdominal CT scans-one at the time of treatment initiation (baseline) and another at the second-year follow-up. We used CT scans that had been taken within three months at each time point. The Liver extraction software was Dr. Liver version 04.2013 (POSTECH Inc., Pohang, South Korea), which extracts liver information from abdominal CT images at the prephase, arterial phase, portal phase, and delayed phase [12, 13] . We calculated the volume of liver parenchyma and compared the changes of liver volume between the baseline and follow-up. The standard liver volume (SLV) was estimated via an equation proposed by Yu et al [14] and the estimated SLV of enrolled patients was 1436.0 mL ± 170.2 mL. This study was conducted in compliance with the World Medical Association Declaration of Helsinki and was approved by the Ethics Committee at our institution.
Statistical analysis
A descriptive analysis of liver volume change during the treatment period was performed using a paired t-test for qualitative variables. Factors associated with volume change were analyzed by univariate and multiple linear regression analyses. A P value of less than 0.05 was considered statistically significant, and all reported P values were two sided. Statistical software package SPSS version 18.0 (SPSS Inc., Chicago, Ill) was used for analysis.
RESULTS
Baseline and follow-up clinical characteristics of patients
The baseline characteristics of patients are shown in Table 1 . The mean age was 53.2 ± 9.3, and there were 34 males and 21 females. The mean body mass index was 24.0 ± 2.5 (ranged from 16.5 to 29.0), and 27 patients exceeded the upper normal range by more than 22.9. There were 23 patients who showed elevated ALT levels by two times or more. HBeAg negativity was shown in 21 patients, and only one patient showed HBV DNA titer level in undetectable range at baseline. The AFP level was elevated in 28 patients. The mean CTP score was 7.8 ± 2.3, and decompensated liver cirrhosis (LC) patients accounted for about 60% among the study population. The mean MELD score was 9.0 ± 4.9, and the estimated 90-d mortality rate was 0.05.
After the 2-year treatment period, two patients showed elevated ALT level by two times or more, and HBeAg seroconversion was observed in 28 (50.9%) patients. HBV DNA undetectability was shown in 37 (67.3%) patients, and the mean HBV DNA level of overall patients was 2.0 ± 2.3. The mean CTP score was 5.9 ± 1.1 and the mean MELD score was 5.9 ± 2.5 at the second-year follow-up.
Changes of liver volume during long-term oral NUCs therapy
The overall changes of liver volume between the treatment initiation and second-year follow-up are shown in Figure 1 . The liver volume at baseline and at second-year follow-up was 993.8 mL ± 242.8 mL and 1108.1 mL ± 263.3 mL, respectively. There was 114.3 mL ± 167.8 mL (12.9% ± 17.9%) of volume increase during the two-year treatment period. The measured liver volume from baseline to second-year follow-up showed an improvement; from 70.8% to 78.0% of estimated SLV ( Figure 1A) . Fourteen patients showed a volume decrease at the follow-up compared with that at baseline. Among them, 7 patients had experienced When divided into two groups-compensated liver cirrhosis (CTP class A) group and decompensated liver cirrhosis (CTP class B and C) group, the baseline liver volume was lower in the decompensated cirrhosis group. The volume changes between the two groups are shown in Figure 1B . Liver volume increase was shown not only in patients with compensated cirrhosis but also in those with decompensated cirrhosis. In patients with compensated liver cirrhosis, the baseline liver volume was 1063.7 mL ± 238.9 mL and the follow-up liver volume was 1127.9 mL ± 250.8 mL (P = 0.046). In patients with decompensated liver cirrhosis, the baseline liver volume was 950.0 mL ± 238.4 mL and the follow-up liver volume was 1095.9 The overall change of liver volume from treatment initiation to second-year follow-up. Liver volume was 993.8 mL ± 242.8 mL at treatment initiation and 1108.1 mL ± 263.3 mL at follow-up. There was 114.3 mL ± 167.8 mL (12.9% ± 17.9%) of volume increase during the two years of treatment period. Compared to the estimated standard liver volume (SLV), as described by Yu et al [14] . which was 1436.0 mL ± 170.2 mL (shaded in gray), measured baseline liver volume in this study was 70.8% and follow-up volume was improved to 78.0% of estimated SLV; B: Comparison of changes of liver volume according to the presence of decompensation at treatment initiation. LC: Liver cirrhosis; F/U: Follow-up. Representative 3-D images are shown in Figure  2 . A representative case in the compensated liver cirrhosis group was a 71-year-old woman who showed an increase in liver volume by 321 mL (35.0%) after treatment (918 mL at baseline and 1239 mL at two years of follow-up) (Figure 2A) . Her baseline AST, ALT, and total bilirubin levels were 67 IU/L, 31 IU/L, and 1.95 mg/dL, respectively, and her DNA titer was 8.25 × 10 6 . IU/mL. At the follow-up, her AST, ALT, and total bilirubin levels were normalized, and her HBV DNA titer was within the undetectable range. A representative case in the decompensated liver cirrhosis group was a 48-year-old man, show showed an increase in liver volume by 555 mL (69.1%) during the two years of treatment period (803 mL of baseline liver volume and 1358 mL of follow-up liver volume) ( Figure 2B ). His baseline serum AST, ALT, and total bilirubin levels were 723 IU/L, 824 IU/L, and 5.7 mg/dL, respectively, and his HBV DNA titer was 1.62 × 10 6 IU/mL. After treatment, serum AST, ALT, and total bilirubin levels were normalized, and his HBV DNA titer was within the undetectable range.
Liver volume change according to the independent nominal variables
Patients were divided into two groups in accordance with several independent variables, and the changes of liver volume were compared between the two groups. The results are shown in Table 2 . The liver volume changes regarding baseline sex, initial NUCs, and presence of decompensation were not significantly different. Thirty-one patients showed an improvement in their CTP grade during the treatment period, revealing a significantly greater liver volume increase than those without CTP grade improvement (168.9 mL ± 164.8 mL vs 43.7 mL ± 146.6 mL, P < 0.005). The group with MELD score showed a decrease by more than 5, which also represented a significantly greater volume increase (P = 0.013). Virological breakthrough was developed in 13 patients; they showed a greater increase in liver volume than those without virological breakthrough (26.9 mL ± 153.3 mL vs 141.3 mL ± 164.5 mL, P = 0.030). Other variables, such as HCC development, virological response, virological resistance, and history of stop medication, tended to show reliable differences, but without statistical significance. 
Factors associated with liver volume change by univariate and multiple regression analyses
A linear regression analysis was performed to investigate the association between liver volume change and variables. The results from a univariate linear regression analysis revealed that the baseline AST, ALT, total bilirubin, AFP, and CTP and MELD scores were significantly independent variables associated with liver volume change (Table 3) . At the follow-up, prothrombin time, total bilirubin, and albumin levels were associated with liver volume change. In addition, delta AST, ALT, prothrombin time, total bilirubin, albumin, serum HBV DNA level, CTP score, and MELD score showed a significant association with liver volume change via a univariate linear regression analysis. According to the results of a multiple linear regression analysis, delta albumin (y = 105.006x + 31.820, P = 0.002) and delta ALT level (y = -0.388x + 0.131, P = 0.005) showed a significant association with the increase in liver volume (R 2 = 0.347) ( Table 4) .
DISCUSSION
Liver cirrhosis is a condition induced by a multifactorial chronic liver injury [15] . Liver cirrhosis induces various complications of portal hypertension and decompensation, such as variceal bleeding, ascites, spontaneous bacterial peritonitis, and encephalopathy, which may result in poor survival outcome [16] . Recently, there have been reports that showed not only the prevention of such complications, but also the regression of fibrosis and cirrhosis through a long-term treatment with oral NUCs [17, 18] . Moreover, a sustained reduction of HBV replication has also been known to lower the risk of HCC in HBV-related cirrhosis [19] .
Liver is one of the major regenerative organs. Liver regeneration is an important mechanism for maintaining liver function, and it is a well-orchestrated phenomenon, which is initiated when liver functional capacity is diminished [20] . After partial hepatectomy or portal vein embolization, the regeneration process is accelerated as a compensatory mechanism in normal livers. In cirrhotic patients, however, liver volume is commonly decreased with morphological change due to repeated hepatic damage. In addition, the regeneration process in cirrhosis patients after partial hepatectomy may be incomplete [8, 21] . Liver volume increase in cirrhotic patients can be induced by reduced liver damage and enough restoration of functional capacity. By measuring liver volume change, we can suggest the regenerative capacity and the role of regeneration. Moreover, liver volume increase in patients with LC shows the potential for the reversal of fibrosis. Although liver biopsy is the gold standard for the assessment of hepatic fibrosis, and despite the introduction of many other measuring tools with functional capacity, liver volumetry can be a non-invasive and effective tool in clinical practice.
We analyzed the liver volume change during a two-year treatment period in patients with HBVrelated liver cirrhosis. The two-year duration period was deemed appropriate based on previous studies showing that the liver regeneration process is usually completed within 3 to 6 mo after partial hepatectomy [20] . Unlike a hepatectomy state, treatment with NUCs is a restorative process of the damaged liver, and the effect of antiviral therapy may be represented slowly and minimally during the treatment period. Therefore, we set a prolonged period of observation time sufficient enough to observe the changes in liver volume post NUCs treatment. We hypothesized that taking NUCs would maintain a baseline status of liver volume, because it prevents hepatic damage and stops the fibrotic process. In our study, the serum levels of AST and ALT at baseline were elevated with high HBV DNA levels, and two thirds of enrolled patients were in a decompensated status. The liver volume of liver cirrhosis patients was shown to decrease compared with the estimated standard liver volume (SLV) calculated by patients' height and weight at baseline. The baseline liver volume of decompensated cirrhotic patients was lower than that of compensated cirrhotic patients. However, after treatment with NUCs, liver functional profiles were improved and the liver volume increased approximately up to the standard liver volume. Interestingly, liver volume increased in patients with compensated liver cirrhosis, as well as decompensated liver cirrhosis. Liver fibrosis or cirrhosis was considered irreversible in the past, but advancements in research in the field has shown that regression of liver fibrosis is possible [22] . Our study may support such reversal of cirrhotic liver as liver volume increases even in patients with decompensated LC after NUCs therapy. Administration of NUCs in both compensated and decompensated cirrhotic patients seems to be beneficial for maintaining the regeneration capacity and reversal of liver fibrosis.
Improvement of liver function can be represented by normalized AST, ALT, and bilirubin levels, elevated albumin level, and improved CTP and MELD scores. A prolonged sustained virological response without virological breakthrough or resistance is an important parameter correlated with the clearance of virus. We analyzed the liver volume change depending on these variables. In this study, there was a significantly greater increase of liver volume in patients with 303 January 14, 2017|Volume 23|Issue 2| WJG|www.wjgnet.com Table 4 Association of liver volume change with independent variables by multiple linear regression analysis Finally, we underwent a regression analysis to define the associated factors with liver volume change. Delta (differences between baseline and follow-up) scores were also analyzed because the alteration of parameters during the treatment period can be important in liver regeneration. Our data showed that several markers representing hepatic functional status are well correlated with liver volume change. Among them, in a multiple linear regression analysis, delta albumin and delta ALT scores were significantly correlated with liver volume change in this study. These markers can be useful for predicting liver volume change, liver regeneration capacity, and reversal of liver fibrosis. Because high ALT level at baseline and low ALT level cause high delta ALT score, more volume increase may be attained regarding aggressive damage at baseline and marked improvement during the treatment period. Delta albumin also represents improved synthetic liver function; thus, marked liver function improvement seems to cause marked volume increase. This result may show that aggressive damage at baseline and marked improvement during the treatment period may induce a greater liver volume increase, which may reflect a high rate of hepatic fibrosis reversal.
Our study has several limitations to consider. First, because we chose the duration of treatment for patients, we do not know the real-time liver volume change after NUCs treatment. Second, we did not divide the groups according to the medication type of NUCs. Moreover, we did not analyze segmental liver volume change. With regard to the 3-dimentional liver images, although the liver volume in decompensated liver cirrhosis patients tended to have a greater increase in the left side than in compensated liver cirrhosis patients, we were unable to measure the exact segmental volume change due to the limitation of this program. Previous studies showed that liver volume decreased in the right and left lobes and increased in the caudate lobe so that the analysis of segmental liver volume change may be helpful. Lastly, we did not analyze the associated factors, such as survival or complication rates, to predict the outcomes of patients. Despite these limitations, this study is, to the best of our knowledge, the first study measuring liver volume change after NUCs treatment in cirrhotic patients and supports the importance of antiviral therapy in CHB with liver cirrhosis patients.
In conclusion, a long-term oral NUCs therapy in patients with HBV-related liver cirrhosis significantly increased liver volume, and the volume increase was shown both in those with compensated and decompensated cirrhosis. The increase in liver volume was well correlated with several markers representing hepatic functional status, and significant variables associated with the increase in liver volume were delta albumin and delta ALT levels. Our data supports the reversal of fibrosis and enhancement of liver regeneration of damaged liver in patients with liver cirrhosis after the treatment with NUCs.
COMMENTS
Background
Long-term oral nucleos(t)ide analogues (NUCs) are known to suppress hepatitis B virus (HBV) replication effectively with an improvement of hepatic fibrosis.
Research frontiers
Reversal of fibrosis and liver regeneration in patients with liver cirrhosis are important issues in the research field. Because liver volume change may represent the hepatic functional and regenerative capacity, assessing liver volume changes after long-term oral NUCs therapy in patients with HBV-relative liver cirrhosis could be highly remarkable in the clinical field.
Innovations and breakthroughs
Previous studies demonstrated that changes in liver volume were positively correlated with Child-Turcotte-Pugh classification and could be used as a severity marker for liver cirrhosis. However, there was no study that evaluated the changes of liver volume in cirrhotic patients undergoing oral NUCs therapy. The authors first analyzed the effect of long-term oral NUCs therapy on the change of liver volume in patients with HBV-related liver cirrhosis using a 3-dimensional (D) virtual liver extraction measurement program.
